A thermoeconomic optimization analysis is presented yielding simple algebraic formulae for estimating the optimum number of feed water heater and optimal area distribution among the feed water heaters for thermal power plants. The P 1 -P 2 method is used in the present study, together with the thermoeconomic analyses of feed water heaters.
Introduction
Optimization of the feed water heater applications in thermal power plants is extremely significant in order to get minimum life cycle cost and maximum savings for these additional systems. There exist a few important independent parameters in optimizing multi stage feed water heater in thermal power plants as shown in Figure  1 which are basically number of feed water heater stage and area of heat transfer for feed water heaters together with their operating temperatures. As the number of feed water heater increases not only the thermal efficiency of the cycle increases but also initial cost of the system increases at the same time. Optimum number of feed water heater can be determined by assuming identical overall heat transfer coefficients throughout the feed water heaters and so eliminating some thermal parameters, except the number of feed water and the area of the heat transfer for the feed water heaters depending on the certainty of operating characteristics of applications and the most efficient operating condition of the system. The importance of energy cost for all energy consuming applications is increasing continuously. Steam is preferred generally for feed water heating applications and multiple feed water heater stages may be employed. It is known that initial cost of these types of thermal power plants is directly related to its number of stage and the first cost of the each feed water heater. The major operation cost of thermal power plant for operating the feed water heater is the energy cost which is supplied by steam generally. A well-detailed thermoeconomic feasibility study including initial and operational cost analyses is necessary before installing the feed water heaters in thermal power plants. The basic topic of the present work depends upon this idea. A new thermoeconomic optimization technique is realized and presented for this purpose. Two different original formulae are developed for calculating the optimum number of stage and the heat transfer area distribution for the feed water heaters at which maximum net life cycle savings occur absolutely. A thorough search of the current literature showed that there were no previous studies on optimizing the number of stage for minimization of the total life cycle expenditures and maximization of net life cycle savings in detail. A practical method, the P 1 -P 2 method, is used for optimizing the operating parameters of the thermal power plants that include feed water heaters and original interesting results are presented. Values of parameters used in formulating the thermoeconomically optimum feed water heaters in thermal power plants are listed as technical life of the system, first cost of the each feed water heater, cost of electricity, electricity production capacity of power plant, total area of heat transfer for feed water heaters, coefficients of the steam cost function due to the number of stage i.e. steam temperature depends upon number of extraction stage, mass rate of flow of feed water, annual interest rate, present net price of steam energy in boiler, annual energy price rate, overall heat transfer coefficients for feed water heaters, maximum (superheater) and minimum (condenser) steam temperatures, mass fraction of steam extracted to each feed water heater, thermal efficiency of the thermal power plant cycle, annual average operating time, resale value and the ratio of annual maintenance and operation cost to the original cost. Additionally, optimum effectiveness of the feed water heaters, critical number of feed water heaters, payback period and optimum operating temperatures of steam and feed water are obtained algebraically in the present formulation method in a few minutes with the help of practical formulae. A thorough search of the present literature showed that there were several studies about the feed water heaters [1] [2] [3] [4] [5] [6] . All of these studies are not directly related to the present work. Original formulae are developed and presented finally.
Mathematical formulation a) Optimum number of feed water heater stage:
As a beginning, the amount of total life cycle savings, ES, as a result of feed water heater applications can be calculated as:
Increase in thermal efficiency th   as a function of number of stage utilized, n, can be formulated by using the data [7] of a sample problem as follows:
Initial cost of the feed water heaters, IC FH , is evaluated by the following equality by using the cost data [8] .
The operation cost of feed water heater, OC FH , can be calculated by the following formula:
Cost of steam, C SE , in cents per GJ, extracted from the turbine strongly depends upon the extracted steam temperature and so the number of extraction stage as in the following form [9] :
Average value of the steam for n stage, C ASE , can be determined by the following.
The operation cost of feed water heater can then be rewritten as:
Net savings from the feed water heater application, S, can be obtained by the following formula:
Net savings function can be extended to Equation (9) by taking the unit conversion factor, 3.6 × 10 -5 , into consideration: 
The optimum number of feed water heater stage, n opt , can be determined by deriving the Equation (9) 
Equation (10) 
The second derivative of the net savings function indicates a local maximum. 3.6 10 0 
and whether i = d, economic parameter P 1 can be evaluated as [14]
The ratio of the life cycle expenditure to the first original cost, P 2 , is defined by the following Equation [15] :
The critical value of number of stage, n crit , can be determined easily by setting the net savings function into zero as follows: 
The time of payback, N P , is calculated by equalizing net savings into zero for optimum number of feed water heaters. For i = d condition: 2 5 (1 ) 3.6 10 0.01 2 2 
b) Optimum heat transfer area distribution between feed water heaters:
The optimum steam temperature distribution through the feed water heaters, , is given by Ref. [7] . 
One can evaluate the net savings function, S, when using the extracted steam instead of using more expen- 
The temperature of feed water leaving the first feed water heater, T 1 , is:
Effectiveness of the feed water heaters, 1  and 2  , can be formulated as in following:
The help of equations above as can reformulate net savings function, in cents/sec, by considering a unit conversion factor of 10 
It can be introduced alternatively as:
Or in more explicit form:
    
Derivative of savings function as in Equation (27) with respect to area of heat transfer of first feed water heater is as in following equality. 
Equation (28) 
Equation (28) is set into zero as in Equation (29) and solved to get optimal value of the heat transfer area of the first heater, A  .
The second derivative of the net savings function with respect to A  , ( 2 S/A  2 ) is calculated by using this specific optimum area value in the second derivative, and result is found to be always negative, which indicates a local maximum point. 
where:
Temperature of feed water after the second feed water heater, T 2 , can be determined via using optimum area of heat transfer in effectiveness of the second feed water heater as presented in Equation (24).
3. Results and Discussion Table 1 . Optimum operating parameters for the thermal power plant with two feed water heaters. (11) as n opt = 1.659 and the optimum area of heat transfer for the first feed water heater is calculated as A 1,opt = 381.15 m 2 by using Equation (30). One can select 1 or 2 feed water heater, but since two feed water heater stages yields greater savings, selecting two stages will be more efficient. It can be deduced that savings is strongly depends upon number of stages. Critical number of feed water at which net savings is zero is determined as 3.318 and the payback period as 17.9 years for this sample problem. The values of net life cycle savings are plotted in Figures 2 and 3 . It can be deduced that there exists a local maximum value in feed water applications. Excessive or deficient number of feed water heater stage will not be cost effective beyond the optimum number of feed water heater. The corresponding values of optimum water and steam temperatures and effectiveness values of feed water heaters are listed in Table 1 . Effectiveness of second feed water heater is greater than the first feed water heater since the area of second feed water heater is greater than that for the first one. The net total life cycle savings values are presented in Tables 2 and 3 also. mization formulation is checked. Feed water heaters must be designed close to this optimum point. The present formulae may seem to be helpful for the designers and manufacturers of these systems. There is no previous work for comparison of present optimization results. It is clear that there exist good thermo-economic performances at the optimum points in Tables 2 and 3 . Net savings is a maximum when the number of stage is 2 as in Table 2 . Maximum net savings is 4.9278 cents per second as the heat transfer area of the first feed water heater is 381.17 m 2 as shown in Table 3 .
The optimum thermo-economic performance of feed water heaters are calculated at which maximum savings occurs in thermal power plants. Constant defined in Equation (33), (cents/s) C 2 Constant defined in Equation (34), [cents/(s·K)] C 3 Constant defined in Equation (35), (C) C 4 Constant defined in Equation (36) Ratio of the life cycle energy cost or savings to that for the first year, (yr) P 2 Ratio of the life cycle expenditures incurred
